Abstract. Lifting action of forklift is the most common working condition. In this paper, the structure of the hydraulic lifting system of forklift truck is analyzed in detail and the mathematical model is established. On this basis, the MATLAB simulation model of forklift lifting system is established. The simulation results show that the energy consumption(149706J) and efficiency (49.05%) under the rated load and rated lift height. Through the analysis and research of the energy consumption and efficiency of forklift truck lifting system, it lays a theoretical foundation for the future research of forklift truck energy saving.
Introduction
Forklifts include upright mounting systems, walking systems, braking systems, and steering systems. The lifting system is one of the most important parts of the forklift truck because the lift is the most common working condition [1] . Its efficiency directly affects the performance of the forklift, and it is also the main performance index of the forklift. At present, the hydraulic lifting system is used to drive the fork lift. Therefore, the study of analyzing and studying the energy consumption of forklift lifting mechanism has great significance [2] [3] [4] .
Hydraulic transmission system has the advantages of stable transmission, large load capacity, strong anti overload ability and easy to realize automatic control. Hydraulic drive is widely used in modern forklift truck lifting system and steering system. At present, the hydraulic drive forklift lifting system can be divided into two level standard upright mounting, two level free upright mounting and so on.
Setting of the Simulation Parameter
Load Physical Parameters. In the process of simulation [5] , the weight and the gravity of the fork are equivalent to the inner upright mounting and the physical parameters are shown in Table 1 . Main Parameters of Hydraulic Lifting System. According to the lifting process of the forklift, the goods will accelerate steadily in 0 to 4 seconds, and the goods will rise at a constant speed within 4 to 10 seconds, and the goods will decelerate steadily in 10 to 14 seconds. Hydraulic flow source, according to the speed planning requirements, the provision of hydraulic oil. Control the throttle opening within 14 to 25 seconds to lower the load.
Mathematical Model of Hydraulic Lifting Mechanism of Forklift
The dynamic model during the lifting of upright mounting is: ς -Rotary mass transfer coefficient of the upright mounting.
The force balance equation of the lifting cylinder is:
In the formula: 
Simulation Model of Hydraulic Lifting Mechanism Based on MATLAB
The controllable flow source (hydraulic pump) is controlled by the lifting signal, and the output flow is determined according to the lifting signal. In the rising stage, two-position three-way valve P-A connection, throttle valve closed, the hydraulic oil flows through the one-way valve, single acting hydraulic cylinder lifting heavy inflows; in the decline phase, two-position three-way valve A-T connection, the throttle valve maintain a certain degree opening, the hydraulic oil flows from the single acting hydraulic cylinder, the flow through the throttle valve, back to tank. The flow, working pressure, moving displacement, velocity and acceleration of the internal pressure frame are outputted and recorded in matrix form respectively. Simulation model of hydraulic lifting mechanism based on MATLAB is shown in Fig. 1 . Fig. 1 Simulation model of hydraulic lifting mechanism based on MATLAB
Simulation Results Analysis
The output data was collated and the curve of the inner upright mounting, the output pressure, the flow rate and the output power of the hydraulic flow source was obtained, hydraulic Lifting System Simulation Curve is shown in the fig. 2 and fig. 3 . The simulation results showed that when the lifting height is 3 meters and the load is 3 tons, the working efficiency of the hydraulic drive forklift lifting mechanism is 49.05%, as shown in the table 2. Fig. 2 moving curve of inner upright mounting Fig. 3 The output pressure, flow rate and output power curve of hydraulic lifting system Table2 Energy consumption and efficiency of hydraulic lifting system item value Energy consumption of hydraulic lifting system 149706J Hydraulic lift system efficiency 49.05%
In this paper, the structure of forklift truck frame system is analyzed firstly. Then the mathematical model of hydraulic lifting mechanism is established. The MATLAB simulation model of the forklift hydraulic lifting mechanism is established. Through analysis, we can see that the energy consumption is 149706J and the efficiency is 49.05% when the single lifting process is completed under the rated load and rated lifting height.
